As there is a strong, positive, and continuous correlation between blood pressure and risk of cardiovascular diseases; improved control of blood pressure is necessary to produce maximum reduction in clinical cardiovascular endpoints. The primary objective was to demonstrate that atenolol/amlodipine combination therapy is superior to atenolol monotherapy with respect to mean fall in systolic blood pressure and diastolic blood pressure. The secondary objective was to compare the response rate and to evaluate the tolerability of study medications. This randomized, comparative, multicentric, 12-week study consisted of screening visit followed by baseline visit 48-hours postscreening. All enrolled patients received 7-day placebo washout. Eligible patients were randomized to receive either atenolol 25 mg/amlodipine 2.5 mg or atenolol 25 mg alone. Nonresponders after 4 weeks of therapy were escalated to atenolol 50 mg/amlodipine 5 mg or atenolol 50 mg, respectively. Out of 190 enrolled patients (94: combination group; 96: monotherapy group), 174 patients (84: combination therapy, 90: monotherapy) completed the study. After 4 weeks of therapy, low-dose combination group was superior to low-dose monotherapy with respect to mean fall in SBP (P = 0.008) and DBP (P = 0.021) and response rate (P = 0.012). Also high-dose combination therapy was superior to high-dose monotherapy with respect to mean SBP (P = 0.001), DBP (P = 0.011), and response rate (P = 0.035) at the end of 12 weeks of therapy. At the end of therapy, significantly more number of patients from combination group achieved normalization of BP (SBP , 120 mmHg and DBP , 80 mmHg) (P = 0.009). Thus, once daily treatment with atenolol/ amlodipine fixed-dose combination offers superior antihypertensive efficacy over atenolol monotherapy in patients with mild-to-moderate essential hypertension.
BACKGROUND
Hypertension is an important worldwide public health challenge because of its high frequency and concomitant risk of cardiovascular and kidney disease. 1, 2 It has been identified as a leading risk factor for mortality and is ranked third as a cause of disability adjusted life years. 3 More than quarter of the world's adult population totaling nearly one billion had hypertension in 2000 and this proportion will increase to 29%-1.56 billion by 2025. Both men and women have similar overall prevalence of hypertension and that such prevalence increase with age consistently in all world regions. 4 There is a strong, positive, and continuous correlation between blood pressure (BP) and risk of cardiovascular disease (stroke, myocardial infarction, heart failure), renal disease, and mortality. 5 Therefore, improved control of blood pressure in patients with hypertension is necessary to produce the maximum reduction in clinical cardiovascular endpoints and expert consensus guidelines advocate blood pressure levels ,140/90 mmHg in patients lacking target organ involvement. 6 Despite the increased awareness of the importance of lowering BP to values below 140/90 mmHg, the results of achieving this target level have been very disappointing. One of the probable reasons for this very disappointing situation is that in clinical practice, treatment of high BP is initiated by titrating the dose of a single antihypertensive agent to its maximum, before a second agent of a different drug group is added; this increases the probability of dose-dependent adverse events and noncompliance of the patient. 7 Single dose therapy even when maximally titrated is at best only modestly effective in normalizing BP in stage I/stage II hypertension which represents the majority of hypertensive population. The latest set of guidelines for the management of hypertension from the international influential committees, such as the American Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7 report), 8 the European Society of Hypertension and Cardiology, 9 and the German Hypertension League, 10 has stated that a large proportion of hypertensives will require a combination of 2 or more antihypertensive agents to achieve the desired target BP.
Combination therapy with a b-adrenoceptor antagonist and a calcium antagonist is particularly attractive because of their complimentary actions. The b-adrenoceptor antagonists will tend to control any initial reflex tachycardia caused by the calcium antagonists, whereas at the same time the calcium antagonists may ameliorate any tendency of the b-adrenoceptor antagonists to increase peripheral vascular resistance. Moreover, because of their different modes of action, greater reductions in blood pressure are seen with such combinations than with either drug alone and lowdose combinations are not only efficacious but well tolerated. 11 Considering this background, we designed a randomized, comparative, multicentric study to evaluate the antihypertensive efficacy of combination of atenolol with amlodipine in comparison with atenolol alone in treatment of patients with mild-to-moderate essential hypertension.
STUDY OBJECTIVE
The primary objective was to demonstrate that atenolol-amlodipine combination therapy is superior to atenolol monotherapy with respect to mean fall in systolic blood pressure (SBP) and diastolic blood pressure (DBP). The secondary objective was to compare the response rate and to evaluate the tolerability of study medications between 2 treatment groups.
METHODS

Patient selection
Patients (either untreated or pretreated with antihypertensive agents) of either sex, aged 18 years and above, diagnosed of essential hypertension as per JNC 7 criteria, willing to sign informed consent and ready for regular follow-up were enrolled in the study. Patients with DBP . 109 mmHg were excluded from the study. Patients with secondary hypertension, known history of hypersensitivity to study medication, patients with severe hypertension, significant medical illness, patients with electrolyte imbalance, abnormal hepatic, and renal functions were excluded from the trial. Pregnant and lactating women or females of childbearing potential not practicing contraception were excluded from the study.
The study was approved by hospital ethics committee of each center. All patients were provided an oral explanation about the nature of the study and about study drugs by the investigator at each center. An information sheet was provided in a language understood by the patient, and written informed consent was obtained from each participant before any studyrelated procedure. The execution and monitoring of the study was done in accordance with the requirements of good clinical practice.
Setting
This randomized, parallel group, comparative, multicentric study was conducted at outpatient hypertension clinics of Government Medical College and Hospital, Nagpur; Government Medical College, Aurangabad This study consisted of screening visit followed by baseline visit 48 hours postscreening. All enrolled patients received 7 days of placebo washout period and this was followed by 3 months active treatment phase.
After washout period, eligible patients were randomized to receive either atenolol 25 mg/amlodipine 2.5 mg fixed-dose combination or atenolol 25 mg alone. The study drugs were administered orally once daily in morning. The compliance of patients to study medication was assessed based on the patient diary at each study visit. Randomization chart was provided to each center by the sponsor. After the baseline visit, patients were examined for safety and efficacy outcomes on day 15, day 30, day 60, and day 90. At each visit, patient's BP was measured in morning before taking medication. During the treatment phase, nonresponders from atenolol 25 mg/amlodipine 2.5 mg were escalated to atenolol 50 mg/amlodipine 5 mg fixed-dose combination and nonresponders from atenolol 25 mg were escalated to atenolol 50 mg. The responders from each therapy continued on the same therapy for total duration of 3 months.
Efficacy evaluation
Efficacy of the therapy in treated patients was evaluated by BP measurement at each study visit throughout study period. Blood pressure was measured by auscultatory method. Measurements were performed after 10 minutes rest in duplicate separated by 2 minutes and then average was taken. If the first 2 readings of DBP differed by more than 5 mmHg, additional reading was obtained and average of 2 closest reading was taken. The study investigator at each site performed all the BP measurements throughout the study period and the same method was followed at all study sites for BP measurement. Patients were termed as responder if their BP was controlled (SBP , 140 mmHg and DBP , 90 mmHg).
Safety evaluation
All enrolled patients were evaluable for tolerability assessment. Safety evaluation was based on adverse events (AEs) reported during the study. AEs were categorized by the investigator based on their intensity as mild, moderate, or severe and the relationship to the study drug as none, probably not, possible, probable or definite. At every visit during the entire study period, the reported AEs, clinical state of patients and details of concomitant medications, if any were captured. Blood samples were obtained at baseline and at the end of 3 months therapy or at last follow-up visit for early termination/withdrawal cases to perform hematology and biochemistry tests including complete blood count, urine routine, electrocardiogram, serum electrolytes (Na + , Cl 2 , K + ), fasting blood glucose, and lipid profile (triglycerides, total cholesterol, high-density lipoprotein, low-density lipoprotein).
Statistical analysis
The primary objective was to show that atenolol/ amlodipine combination therapy is superior to atenolol monotherapy with respect to mean fall in SBP and DBP at the end of therapy from baseline. The sample size calculation required approximately 192 patients to be randomized and 174 evaluable patients (87 patients per treatment group) to complete the study to detect a treatment difference of at least 5 mmHg in the primary comparison with a power of 80% at 5% level of significance (2 sided).
Descriptive statistics, including mean, SD, frequency counts and percentage for categorical variables were used to compare treatment groups at baseline with respect to demographic characteristics. The treatment groups were compared for homogeneity at baseline using tests like Student's t test, Mann-Whitney U test for continuous variables and chi-square test or fisher's exact test for categorical variables. The 2 treatment groups were similar with respect to demographic characteristics.
For data analysis, the whole population was divided into 2 subgroups, escalated patients and nonescalated patients. Nonescalated patients included patients who received the baseline therapy up to 1 month and remained controlled on the same therapy to the end of study. While escalated patients include patients continued on the baseline therapy up to 1 month but escalated to respective step-up therapies due to poor or no response to the baseline therapies. Both the treatment groups were compared after 1 month and at the end of the study using Student's t test, Mann-Whitney U test as appropriate. All statistical tests were 2 sided and the level of significance was set at 0.05. Statistical analysis was performed using statistical software MINITAB 14.
RESULTS
Patient distribution
A total of 190 eligible patients (combination therapy:94; monotherapy:96) satisfying inclusion/exclusion criteria were enrolled on the study. Nine patients from combination group and 6 patients from monotherapy group were lost to follow-up and 1 patient from combination group was withdrawn due to adverse event. A total of 174 patients completed the study (combination therapy:84; monotherapy:90). The 2 treatment groups were similar with respect to demography and baseline disease characteristics (Table 1) .
Efficacy after 4 weeks of therapy
At the end of 4 weeks of therapy, 62 patients from combination group and 50 patients from monotherapy group responded to the therapy (SBP , 140 mmHg and DBP , 90 mmHg) (P = 0.012) ( Table 2 ). Mean fall in SBP (230.0 6 10.4 vs. 225.08 6 9.05; P = 0.008) and DBP (218.10 6 7.45 vs. -14.78 6 7.48; P = 0.021) was significantly superior in combination therapy as compared with monotherapy at the end of 4 weeks. Mean SBP and mean DBP was significantly lower in combination group as compared with monotherapy group at the end of 4 weeks of therapy (P , 0.05) ( Table 2 ). Responders from both the treatment groups remained controlled till the end of therapy (day 90). Figure 1 shows fall in mean SBP and DBP for responders on starting therapies.
Efficacy after 12 weeks of therapy
Sixty-two nonresponders (combination therapy:22; monotherapy:40) were escalated to respective step-up therapies to receive atenolol 50 mg/amlodipine 5 mg and atenolol 50 mg for further 8 weeks. At the end of therapy, total 23 patients (combination therapy:12; monotherapy group:11) responded to the step-up therapies (SBP , 140 mmHg and DBP , 90 mmHg).
Step-up therapy of combination group showed significantly better response rate as compared with step-up therapy of atenolol alone (P = 0.035) ( Table 3 ). Both the step-up therapies were comparable with respect to mean fall in SBP and mean fall in DBP (P . 0.05) at the end of therapy. However, at the end of 12 weeks, mean SBP (127.82 6 8.90 vs. 138.0 6 14.4; P = 0.001) and mean DBP (81.73 6 8.78 vs. 87.35 6 5.50; P = 0.011) were significantly lower in combination group as compared with those in monotherapy group (Table  3 ). Nonresponders at the end of treatment period (10: combination group and 29: monotherapy group) were then treated appropriately at the discretion of the investigator.
At the end of therapy, significantly more number of combination treated patients achieved normalization of BP (SBP , 120 mmHg and DBP , 80 mmHg) as compared with monotherapy (33 vs. 19) (P = 0.009). In both the treatment groups, the fall in BP was maximum at the end of 4 weeks of therapy, and subsequently the fall was maintained till the end of therapy, that is, day 90 ( Figure 2 ).
Tolerability assessment
A total of 4 patients reported adverse events, 3 from combination therapy and 1 from monotherapy. Edema, gastritis, and abdominal pain were reported in patients treated with combination therapy and giddiness was reported in patients treated with monotherapy. All reported adverse events were of mild-to-moderate in severity. None of the patients reported serious adverse event. The laboratory evaluations were done at baseline and at the end of therapy. Mean changes from baseline for various laboratory parameters were evaluated at the end of 3 months for all patients. There was nonsignificant reduction in heart rate at the end of therapy with either treatment. No significant changes from baseline were observed in hematology or biochemistry parameters (Table 4 ). Changes in blood glucose levels and lipid profile (high-density lipoprotein, low-density lipoprotein, triglycerides, and total cholesterol) were clinically unremarkable across the therapy groups.
DISCUSSION
The primary goal of treating hypertension is to reduce their blood pressure to target level, which eventually leads to a reduction in the long-term total risk of cardiovascular morbidity and mortality. 12 In this regard, although some considerations are necessary before generalizing the results, the present study clearly demonstrated that combination therapy with a b-blocker and a calcium channel blocker is an effective method to achieve the target blood pressure without major safety issues. This randomized, comparative, multicentric, 12 week, outpatient study evaluated antihypertensive efficacy of atenolol/amlodipine combination in comparison with atenolol alone. The results of this study showed that, combination therapy with atenolol/ amlodipine is superior to atenolol monotherapy with respect to mean fall in SBP, DBP, response rate, and normalization of BP.
After 4 weeks of therapy with atenolol 25 mg, our study reported a fall of 220.6/210.34 in SBP/DBP which is comparable to that reported in literature (217.6/212.5). 13 In our study, for responders after 4 weeks of therapy, low-dose combination of atenolol 25 mg/amlodipine 2.5 mg was found to be superior to low-dose atenolol 25 mg monotherapy with respect to mean fall in SBP (P = 0.008), mean fall in DBP (P = 0.021) and response rate (P = 0.012).
Also high-dose combination therapy with atenolol 50 mg/amlodipine 5 mg was significantly better than high-dose therapy with atenolol 50 mg alone with respect to mean SBP (P = 0.001), mean DBP (P = 0.011), and response rate (P = 0.035) at the end of treatment American Journal of Therapeutics (2010) 17 (1) www.americantherapeutics.com period. Combination therapy was also superior to monotherapy with respect to proportion of patients achieving normalization of BP (SBP , 120 mmHg and DBP , 90 mmHg) (P = 0.009). Both the study drugs were well tolerated. One reason for combining a calcium antagonist with a b-adrenoceptor antagonist in the treatment of mildto-moderate hypertension is that the latter should improve the patient tolerability of the former by preventing any initial reflex tachycardia which may, in itself, be a cause of some adverse effects. 11 Preliminary studies in stroke-prone spontaneously hypertensive rats have shown that significant synergism exists between atenolol and amlodipine in lowering and stabilizing blood pressure. 14 The results of our study confirmed that the combination therapy with atenolol/amlodipine is superior to atenolol monotherapy in patients with mild-to-moderate essential hypertension.
Limitations
As this was an outpatient study, no ambulatory blood pressure monitoring was done. Also due to short-term nature of the study, we could not assess the effect of blood pressure reduction on cardiovascular morbidity and mortality.
CONCLUSION
In conclusion, our study has shown that once daily treatment with atenolol/amlodipine offers superior antihypertensive efficacy over atenolol monotherapy in patients with mild-to-moderate essential hypertension. 
